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Abstract 
Tourism generates substantial carbon footprint with its air transport sector holding the largest 
share. Biofuel technology has been repeatedly trialled in aviation to minimise this carbon footprint. 
While biofuels can become mainstream aviation fuels in the near future, little is known about public 
knowledge on and perception of its use within the air transport sector. This signifies considerable 
knowledge gap as the level of public awareness of a new technology determines the speed of its 
societal acceptance and may affect its market success. This study explores the attitudes of UK 
tourists to the use of biofuels in aviation. It finds that while the public are generally aware of biofuel 
technology, public knowledge of its specific application in aviation alongside the carbon benefits 
this brings is limited. Future policy-making and managerial measures should aim at enhancing 
public understanding of the biofuel technology use in aviation in the UK.  
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Highlights 
• Biofuel can reduce carbon intensity of flying 
• UK tourists’ knowledge on and attitudes to biofuel use in aviation are explored 
• General public knowledge of biofuel technology is solid  
• Specific use of biofuel technology in aviation is not well understood 
• Public knowledge of the benefits of biofuel use in aviation should be reinforced 
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1. Introduction 
Tourism is an important contributor to anthropogenic climate change (Djerba Declaration 2003). 
It is estimated that about 5% of human-made greenhouse gas (GHG) emissions are attributed to 
travel with leisure purposes (United Nations World Tourism Organisation–UNWTO 2007). This 
figure is expected to grow given the continued increase in the number of international tourist 
arrivals (UNWTO 2016).  
Among the different sectors of the tourism industry, transportation holds the largest share of its 
carbon footprint (Davos Declaration 2007). Aviation generates more than 50% of the industry’s 
GHG emissions (UNWTO 2007). Air travel remains the key means of tourist transport from origin 
to destination and its steady growth is anticipated in the near future due to the continued rise in 
international tourism (Dubois and Ceron 2006; Gössling and Peeters 2007; Scott et al. 2010).  
The importance of reducing carbon intensity of tourism has been repeatedly emphasised 
(Gössling et al. 2005). Air travel should be a primary target of the industry’s GHG mitigation 
efforts given the profound role it plays in the generation of its carbon footprint (Gössling and 
Peeters 2007). Mitigation can be achieved via voluntary changes in consumer behaviour 
(McKercher et al. 2010); market-based and regulatory instruments can be applied to facilitate these 
changes (Tol 2007); lastly, technological advancements are expected to contribute to carbon 
abatement within the sector (Peeters et al. 2016). The combination of all these approaches 
represents the most effective pathway towards the mitigation of GHG emissions in tourism 
(Capstick et al. 2014; Gössling et al. 2012; Higham et al. 2016b). 
There is limited evidence to suggest that tourists will voluntarily change their behaviour towards 
more climate-benign holidaying practices (Truong and Hall 2016). This is due to limited public 
understanding of the inter-linkages between tourism and climate change (Dilimono and Dickinson 
2015; Hares et al. 2010; Higham et al. 2014). Tourists fail to associate the carbon footprint 
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generation with their holidaying choices as a result (Cohen and Higham 2011; Dickinson et al. 
2013; Higham et al. 2016a). Lastly, although there are tourists who claim to be prepared to change 
their holidaying behaviour (for instance, by taking fewer flights or holidaying closer to home), they 
do not necessarily do so in reality (Gössling et al. 2012). The latter phenomenon is known as the 
‘attitude-behaviour’ gap in consumer behaviour research which represents a key obstacle for 
voluntary behavioural change to serve as a facilitator of the GHG emissions mitigation in tourism 
(Hibbert et al. 2013). The ‘attitude-behaviour’ gap underlines the important role of technology as a 
means of advancing the tourism industry towards the goal of environmental sustainability. 
Technology can play a many-fold role in reducing the carbon footprint of flying. This can be 
achieved through the improvements in aircraft design and operational efficiency (Grote et al. 2014), 
or via the adoption of more climate-benign aviation fuels (Gegg et al. 2014; Hari et al. 2015; 
Krammer et al. 2013). Biofuels are considered a viable alternative to aviation fuels (Kivits et al. 
2010) and their potential to reduce carbon intensity of flying has been estimated as significant 
(Marsh 2008). To-date, biofuels have been repeatedly trialled in the air travel sector with a view to 
make it mainstream aviation fuels in the foreseeable future (Appleyard 2014).  
While the potential of biofuels to mitigate the carbon footprint of air travel is recognised, public 
awareness of the use of biofuel technology in aviation alongside the carbon benefits this technology 
brings remains unexplored. Better understanding of the public perceptions of a new technology is 
important as these can often determine success of its societal acceptance and market rollout 
(Wegener and Kelly 2008). Public awareness of a new technology represents a particularly 
interesting research object in the air transport context where public safety considerations can 
hamper the adoption of innovations (Greiner and Franza 2003).  
This paper contributes to knowledge by exploring tourist attitudes to the use of biofuel in 
aviation. The goal of the paper is three-fold. First, it contributes to the scientific discourse on the 
public perception of tourism as an industry associated with significant environmental pressures, 
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including carbon footprint generation. Second, it explores public knowledge on the application of 
biofuel technology in civil aviation, including its perceived carbon benefits. Lastly, the paper 
investigates if tourists consider biofuels as a safe alternative to conventional aviation fuels.  
While biofuels have potential to reduce the carbon footprint of flying, there are a number of 
challenges attributed to the application of biofuel technology in aviation (Marsh 2008). Increased 
demand for biofuels may lead to the significant, negative changes in global land use (Grote et al. 
2014). This, in turn, is expected to intensify global food shortages, especially in countries of the 
Global South (Berndes et al. 2003). Furthermore, there is growing evidence to suggest that the level 
of carbon mitigation achieved through the application of biofuel technology can be lower than 
commonly anticipated when the indirect, life-cycle related GHG emissions attributed to biofuel 
production, transportation and distribution are brought into the picture (Repo et al. 2011). The 
increased biofuel production can further generate significant amounts of nitrous oxide (N2O) which 
is a GHG and can therefore negate any carbon savings achieved (Lee et al. 2010). Lastly, there are a 
number of institutional and managerial barriers to the production scale and broader use of biofuels, 
including in the sector of air travel (McCormick and Kåberger 2007). While these issues are 
acknowledged as being significant, they are beyond the scope of this study whose focus is on tourist 
knowledge of and tourist attitudes to biofuel use in aviation.  
2. Biofuels in the air transport sector 
Biofuel technology is not a new invention in transportation as the Henry Ford’s original 
automobile constructed in the 1920s was initially designed to run on bio-ethanol (New York Times 
1925). This notwithstanding, it was not until the energy crisis in the 1970s that the use of alternative 
fuels would become of interest to the transportation industry and its aviation sector (Lee and Mo 
2011). Since then, the demand for biofuels in the air travel sector has grown manifold, being driven 
by such factors as the fluctuations in crude oil prices, political instability in crude oil producing 
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regions, increased environmental concerns among the public and regulators, and the emergence of 
‘greener’ business models (Armstrong 2008; Chiaramonti et al. 2014; Nair and Paulose 2014).  
2.1. Transportation biofuels 
Biofuels are produced from biomass substrates (Giampietro and Ulgiati 1997). In the sector of 
transportation, biofuels can be used as full or partial substitutes for conventional fossil fuels 
(Kousoulidou and Lonza 2016). There are three main types of biofuels, i.e. biogas, ethanol and 
biodiesel (Naik et al. 2010). Biogas is a product of anaerobic digestion of energy crops, their 
residues and waste (Weiland 2010). While it can be used as an energy source for gas-operated and 
electric vehicles, its application in the aviation sector is limited (Saynor et al. 2003). Furthermore, 
the use of biogas as transportation fuel has only been a major breakthrough in Scandinavia, while 
the adoption of this technology in the rest of the world has been lagging behind (Jönsson and Person 
2003). Ethanol is produced from the plants rich in carbohydrates, such as corn and sugarcane (Balat 
and Balat 2009). It is the most commonly used liquid biofuel in the transportation sector, mainly 
due to the vast production volumes in Americas (Energy Information Administration-EIA 2007). 
This notwithstanding, similar to biogas, ethanol is not considered a suitable alternative to 
conventional aviation fuels due to its limited chemical and physical qualities (Saynor et al. 2003). 
Lastly, biodiesel is produced from soybeans or other crops containing oil (Moser 2009). Its 
chemical qualities are close to those demonstrated by kerosene, a conventional aviation fuel 
(Wardle 2002) which determines why biodiesel holds the largest potential for application in 
aviation (Saynor et al. 2003). 
Biogas, ethanol and biodiesel are referred to as the ‘first generation’ biofuels that have all been 
an object of significant scientific scrutiny (Naik et al. 2010). Such issues as land use changes, 
competition for food, freshwater and land, deforestation and cost of production have been raised 
(Anable and Bristow 2007; Bailis and Baka 2010; Marsh 2008). In response to the criticism, the 
‘next generation’ or advanced biofuels have been developed (Table 1). These have been seen more 
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favourably by the scientific community as they can address some, but not all, of the issues attributed 
to the production of the ‘first generation’ biofuels (Fairley 2011). Escobar et al. (2009) argue that 
these advanced biofuels have potential to become a commercially feasible technology in 
transportation within the next 15 years; however, in the short-term perspective, the first and second 
generation biofuels are likely to remain mainstream in the transportation industry, including its 
sector of aviation (Doornbosh and Steenblik 2007; Upham et al. 2009).  
Table 1. Four generations of transportation biofuels and their key characteristics. Source: 
Adapted from: Demirbas (2011); Kivits et al. (2010); Naik et al. (2010). 
Generation Feedstock Examples of feedstock 
First Traditional food and non-food crop 
biomass; animal fat 
Sugarcane, corn, soybeans, sunflower 
Second Alternative, non-food crop biomass i.e. 
waste biomass; agricultural and forestry 
residues; dedicated, high energy yield 
biofuel crops and plants  
Corn stalks and leaves, jatropha, 
switchgrass, palm oil, rapeseed 
Third Improved, non-food crop biomass i.e. 
oilier and fast growing crops and plants, 
algae 
Genetically modified types of corn and 
poplar, microalgae 
Fourth Improved, non-food crop biomass + 
microbes 
Genetically modified types of corn and 
poplar, microalgae whose growth is 
facilitated by microbial metabolism 
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2.2. The carbon benefits of biofuels 
The carbon abatement potential of biofuels is significant, but varies depending on the production 
method, production scale, type of feedstock and the country of feedstock origin (Marsh 2008). The 
sugarcane and palm oil from tropical and sub-tropical countries are recognised as the most energy 
rich biofuel feedstock due to long growing seasons, warm climate and fertile soils (Doornbosch and 
Steenblik 2007; Steenblik 2007). IEA (2006 cited in Doornbosch and Steenblik 2007) suggests that 
biofuels produced from the Brazilian sugarcane can reduce the GHG emissions from road 
transportation by about 90%. Likewise, IPC and REIL (2006) posit that the ethanol from cellulosic 
feedstock can mitigate carbon footprint by 70-90%. Lastly, the World Bank (2008) refers to 
biodiesel as a carbon efficient fuel which can reduce the GHG emissions from transportation by 50-
60%. 
While indicating the significant carbon abatement potential attached to biofuel technology, the 
precision of the figures presented above calls for improvement. Existing estimates of the carbon 
mitigation potential of transportation biofuels come primarily from the small-scale, experimental 
studies and only a minority originates from the large-scale biofuel production projects (IPC and 
REIL 2006). Furthermore, some numbers are not based on the ‘net’ carbon footprint assessments. 
The ‘net’ carbon footprint assessments look at the whole lifecycle of biofuel production, 
distribution and use, and not just at the biofuel usage stage (Bailis and Baka 2010). To produce 
biofuels, considerable amounts of energy are required (Repo et al. 2011). This results in GHG 
emissions that should be taken into account when assessing the ‘net’ carbon abatement potential of 
biofuel technology. To this end, the method of Life Cycle Assessment (LCA) provides the most 
accurate estimates of the GHG emissions mitigation potential of biofuels and the application of this 
method in the transportation sector is growing (Repo et al. 2011; Steenblik 2007; Warshay et al. 
2016). 
2.3. Aviation biofuels 
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To address the challenge of the low-carbon future, the Biofuels Directive was adapted by the 
European Union in 2003 (European Union 2003). The directive stipulates that biofuels should 
shortly replace at least 10% of fossil fuel consumption in the EU transportation sector (European 
Commission 2008). The directive represents an important driver for the aviation industry to reduce 
its carbon footprint by applying biofuel technology more broadly (Gegg et al. 2014). As a result, 
biofuels have become an important trial object for many airlines (Kousoulidou and Lonza 2016).  
The Virgin Atlantic was the first airline to test biofuels when flying a Boeing 747 from London 
to Amsterdam driven by a ‘20-80’ blend of biofuels and conventional fuels on 24th February 2008 
(Brisbane Times 2008). In subsequent months, other airlines have trialled the biofuel-driven flights 
using the different blends and the various types of biofuels. In December 2008, the Air New 
Zealand tested a Boeing 747 driven by a ‘50-50’ mix of traditional jet fuel and oil from jatropha. 
The airline was the first in the world to use the second-generation biofuel technology (Travel Agent 
2009). The carbon savings achieved by the company on that flight were reported as equal to 40-
50% compared to conventional aviation fuel (Kjelgaard 2008a). In January 2009, the Continental 
Airlines flew a Boeing 737 driven by a blend of kerosene, algae and jatropha (Travel Agent 2009). 
The Japan Airlines became the fourth airline in the world to test biofuels on a Boeing 787 flight 
driven by a ‘50-50’ mixture of algae-camelina grass-jatropha and conventional fuel (Daily Mail 
2009). All airlines reported good performance of the different biofuel blends. The Continental 
Airlines estimated that the biofuel blend brought about a 60 to 80 % reduction in GHG emissions 
from the trial flights (Giles 2009).  
To-date, about 20 airlines have trialled biofuels in commercial flights (see Enviro Aero 2016 for 
details) and all have reported positive results. There is a general consensus in the business circles 
that, given the on-going trials, biofuels will become a commercially viable technology for the 
aviation industry in the near future (Ayre 2014). Despite the efforts applied by the airlines to 
advance biofuel use in civil aviation, the public seems to remain generally unaware of the progress 
11 
achieved (Kjelgaard 2008b). More research is necessary to better understand the reasons for this 
and the implications of poor consumer awareness (Fung et al. 2014).  
2.4. Public attitudes to transportation biofuels 
Biofuels are considered a safe alternative to conventional fuels in aviation and the stringent 
safety requirements are imposed by aviation regulators on biofuel manufacturers (Esch et al. 2010). 
Despite the regulatory and business reassurance, consumers often demonstrate a general fear and 
anxiety over the adoption of a new technology (Meuter et al. 2003). In the business context, it has 
long been established that the public fear of the new and unknown may deter consumers from using 
a specific type of product or service (Dabholkar 1996). This has important implications for aviation, 
where safety perceptions play a vital role in the preparedness of people to fly and where a new 
technology should therefore be introduced with care (Greiner and Franza 2003). Public perception 
of a new technology should be carefully examined as it shapes public opinion about whether a new 
technology is acceptable and safe (Siegrist and Cvetkovich 2000). The degree of trust that the 
public have in technology drives the speed and determines the overall success of its adaption 
(Schulte et al. 2004). 
Despite a significant increase in the production and application of biofuels in the past decade and 
the extensive media coverage of this topic, research on public attitudes towards biofuels, 
particularly in the context of its use in transportation, is still in its infancy (Fung et al. 2014). The 
literature review has identified no studies looking into this topic specifically in the context of 
aviation. This is surprising given that the potential technological interventions within this sector 
may become unsuccessful if the public are not ready to use them (Wegener and Kelly 2008).  
Existing literature demonstrates varied public knowledge and attitudes to biofuels and their use 
in transportation. For example, in the UK and Ireland, while there is good public knowledge on the 
renewable sources of energy in general, public awareness of biofuel technology and the benefits of 
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its implementation in the transportation industry is relatively low (Cacciatore et al. 2012; Rohracher 
et al. 2003). Research from Belgium shows increased levels of public awareness on biofuel 
technology alongside its environmental benefits (van de Velde et al. 2009). In New Zealand and 
USA, public awareness of biofuels and their use in transportation is higher; this notwithstanding, 
there is limited public understanding of the carbon benefits associated with biofuel technology 
(Delshad et al. 2010; Energy Efficiency and Conservation Authority-EECA 2009; Ulmer et al. 
2003). It is acknowledged that further research is required to shape a more comprehensive picture 
on the subject of public knowledge and public attitudes to transportation biofuels (Fung et al. 2014), 
particularly in the context of the application of this technology in aviation.  
In summary, the literature review suggests that public attitudes to biofuels and itheir use in 
aviation should be better understood. While public perception of biofuel technology is generally 
positive, public awareness of the associated carbon benefits should be improved. Previous research 
shows that people often express neutral attitudes to biofuels which implies that the public either do 
not have a clear opinion on this technology or remain largely unaware of the climate advantages it 
brings. The lack of public knowledge on biofuels, their safety and their carbon benefits can hamper 
broader adaption of this technology in the field of transportation, including aviation. This study 
contributes to knowledge by looking into public attitudes to biofuels among UK tourists, testing 
public knowledge of biofuel use in aviation and exploring public understanding of the implications 
of biofuel use, both for the environment and consumer decision-making.  
3. Method 
Due to the exploratory nature of this project, primary data were collected via a qualitative study. 
This is because of the limited, inconclusive and even contradictory nature of the outcome 
demonstrated by previous research on the topic of public attitudes to biofuels and their carbon 
benefits. This is also because no evidence of such research held specifically in the context of civil 
aviation has been identified by the literature review. The qualitative research paradigm is therefore 
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appropriate given that it enables an in-depth analysis and better conceptualisation of public 
opinions, which can subsequently be tested in large-scale, quantitative studies (Veal 2006).  
Semi-structured interviews are considered a reliable method in qualitative research to obtain rich 
data for analysis; they are also seen as a suitable instrument for exploratory research on complex 
social phenomena where previous knowledge on the topic of interest is limited (Silverman 2000); 
hence, their suitability for this project. Semi-structured interviews were further selected because of 
the contacts established by researchers with a local travel agent. These contacts enabled direct 
access to tourists as researchers were invited to undertake the project on business premises. The 
professional contacts also provided researchers with an opportunity to gain spontaneous and more 
informal responses from consumers that guarantee a more natural and honest expression of public 
opinions (Shi 2008).  
Interviewing consumers in a busy commercial environment can be difficult. To minimise this 
difficulty, multiple mini interviews (MMIs) can be employed instead of traditional interviews (Pau 
et al. 2013). While resembling semi-structured interviews in a way how these are designed and 
undertaken, MMIs enable quicker collection of robust and reliable qualitative data in the contexts 
where consumer preferences or willingness to partake in a research project can change at short 
notice (Kumar et al. 2009), such as commercial premises of a busy travel agent. The MMI format 
was therefore adopted for the purpose of this study.  
MMIs were conducted within the period of four weeks in June–July 2015. The convenience 
sampling approach was utilised as a high street travel agent located in Poole, Dorset, UK had agreed 
to provide researchers with access to their clients. In total, 150 tourists were approached and 102 
interviews were conducted which demonstrates a response rate of circa 60%. The exact number of 
MMIs was determined by the ‘saturation effect’ (Srivastava and Hopwood 2009) and primary data 
collection was drawn to a close once no new themes were found to be emerging from the material 
14 
collated. In the case of family clients, only one family member was interviewed. On average, each 
MMI lasted between 10 and 25 minutes. 
An interview schedule was devised based on the themes identified in the literature review whose 
list was continuously updated through iterative analysis applied to the interim data collected 
(Srivastava and Hopwood 2009). The original interview schedule was built around the themes 
comprising of public knowledge on, perceptions of, and attitudes to biofuel technology in general, 
and its specific use in the sector of aviation with the purpose of carbon mitigation. To enable 
exploratory quantitative analysis (see next paragraph), some questions were developed using the 
attitudinal Likert scale (ranging from 1=Strongly disagree to 5=Strongly agree). An example of 
such question would be ‘to what extent  do you agree with N statement’. No incentives were offered 
to interview participants. All interviews were digitally recorded and transcribed.  
Importantly, due to the considerable number of interviews held, an element of quantitative 
analysis was added to the study to enhance its analytical power and scientific rigour. To this end, a 
small number of carefully selected multivariate analyses were run on the data collected with the 
help of SPSS. These were predominantly employed to examine the significance of the relationship 
between the key socio-demographic profiles of participants (most notably, age, gender, levels of 
income and education) and their attitudes to aviation biofuels. Table 3 presents the outcome of these 
analyses for those questions where significant differences between the samples were recorded.  
Thematic analysis was applied to the qualitative data collected whose write-up was supported 
with verbatim quotations (Braun and Clarke 2006). These quotations were primarily used to provide 
empirical evidence for the data interpretation conducted in this study and enhance credibility of its 
findings. This is in line with the traditional approach to data analysis in qualitative research (Corden 
and Sainsbury 2006; Ritchie et al. 2003). 
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The study has a number of limitations. First, given the qualitative, exploratory nature of research, 
its outcome is indicative, rather than conclusive, and a larger sample size would have strengthened 
the quality of data collected in terms of their generalisability and representativeness. This limitation 
outlines a prospective avenue for another research project in the area of interest which would utilise 
a large-scale quantitative survey to gain a more statistically significant sample of responses. 
Second, the data obtained were skewed in terms of some key socio-demographic parameters. The 
reasons for this are explained in detail in Section 4. Third, all respondents represent the category of 
leisure travellers. It is possible that other categories of tourists (for example, business travellers) 
may have different opinions on the study subject. Lastly, the absolute majority of participants were 
British. The cultural and national backgrounds may play a role in shaping public perceptions of 
technological innovations (Wegener and Kelly 2008) and should therefore be examined in more 
detail in the future.  
4. Findings and discussion 
4. 1. Demographical profile of respondents 
The sample comprised of 62% females and 38% males (Table 2). This may be partially 
attributed to some empirical evidence that females are more inclined to partake in research projects 
(Curtin et al. 2000). The age of participants ranged from 18 to 84 (46 years on average), with 
approximately half (49%) falling into the category of 50+ years. Elderly tourists represent the key 
clientele of high street travel agents in the UK (ABTA–Association of British Travel Agents 2014; 
Travel Trade Gazette-TTG Digital 2013) and this was confirmed in private communication held by 
researchers with a representative from the high street travel agent on whose premises the project 
was run. Better familiarity of younger travellers with technology which results in online holiday 
booking may serve as another explanation of the high average age of the study participants. Only 
29% of respondents were educated to a University degree. This closely relates to the fact that the 
sample was skewed towards the elderly demographics.  
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Over 50% of participants can be classed as ‘frequent air travellers’ as they flew internationally 
for leisure at least three times within the last 12 months. This is considerably above the nation’s 
annual average of 1.2 flights (ABTA 2014). This indicates that flying for leisure has become an 
integral part of everyday life for people in the UK, regardless of their demographical profile. Only 
9% of participants claimed that they did not fly in the last year. Among these, 6 or 60% of 
respondents were at the age of 70 and over which implies that they did not travel due to health 
constraints. These participants were nevertheless included into analysis as the primary aim of the 
project was to explore general public understanding of the inter-linkages between tourism, climate 
change and aviation biofuels.  
Table 2. Respondents' demographic characteristics 
Variable Category 
Total number of respondents 
N=102 % 
Gender 
Male 39 38 
Female 63 62 
Age  
18-29 11 11 
30-49 41 40 
50 and over 50 49 
Highest level of 
education 
achieved 
High school or less 61 60 
Diploma/college or professional degree  11 11 
Undergraduate  24 23 
Postgraduate or higher degree 6 6 
Employment  
Employed  37 36 
Unemployed  8 8 
Retired  55 54 
Student  2 2 
Annual income  Under nation’s average (<£27,000) 38 37 
 Over nations’ average (>£27,000) 52 51 
 No answer given 12 12 
Frequency of 
flying ( per 
year) 
No flights 9 9 
1 flight 16 16 
2 flights 21 20 
3 flights 14 14 
4+ flights 42 41 
 
4.2. Tourism and its environmental impacts 
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Although the interview schedule was pre-tested prior to the project commenced and some 
questions were subsequently re-worded to account for the comments made at the testing stage, the 
questions designed to better understand tourist knowledge of and attitudes to the inter-linkages 
between the problem of climate change and tourism confused some participants. About a third did 
not initially understand the questions about the environmental/climate change impacts of tourism 
and asked for clarification. After gaining clarity, about 65% of respondents agreed that tourism 
contributes to various environmental issues. Importantly, within this category, circa 11% 
participants stated that they ‘were not worried’ about this contribution: 
 
‘It does not contribute enough to stop me’ (Female, 23) 
 
‘[Tourism] could do [contribute], but I am not worried, it’s life’ (Female, 40) 
 
Concurrently, 17% of participants did not see tourism as a contributor to global environmental 
impacts while the remaining 18% were undecided. The multivariate analysis was run to establish 
the relationship between tourist knowledge and their socio-demographic characteristics. Education 
level was found to strongly affect tourist knowledge, but no further relationship was recorded 
(Table 3). This finding is in agreement with the literature which posits that the majority of tourists 
acknowledge the negative environmental significance of the industry (Cohen et al. 2011; Gössling 
et al. 2006; Hillery et al. 2001). However, the interviews also indicate that while many tourists have 
some good understanding of the inter-linkages between the tourism industry and its environmental 
pressures, there are a large number of those who do not pay attention to these impacts. 
Table 3. Relationship between gender and attitudes to biofuel use in aviation. 
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Attitudinal questions 
(Likert scale from 1=Strongly disagree to 5=Strongly 
agree) 
Educated to a 
degree level 
No formal 
University 
education 
Sig. 
Mean SD Mean SD 
Tourism generates substantial environmental impacts 4.2 0.7 3.9 0.8 0.016 
Flying contributes to climate change 3.6 0.9 3.4 0.9 0.022 
The negative environmental effects of flying are 
negligible 
1.7 1 2.3 1.1 0.002 
I am familiar with the concept of biofuels 4 0.7 3.6 0.8 0.011 
 
The next set of questions asked participants to provide examples of the environmental issues 
they associated with tourism (Figure 2). Climate change was mentioned by a third of participants. 
This finding contradicts some of the previous research (Becken 2004; Becken 2007; Gössling et al. 
2006) which established that only a small portion of tourists consider the tourism industry as an 
important contributor to global climatic changes. This may indicate the increased role of mass 
media and national governments in shaping public knowledge on the issue of climate change and its 
relationship with mobilities. Importantly, water consumption was not mentioned as an 
environmental consequence of tourism operations despite this problem being significant (Gössling 
et al. 2012). This indicates that national governments should design dedicated public awareness 
raising campaigns on the growing contribution of tourism to global water use.  
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Figure 2. Environmental problems associated with tourism 
The next set of questions focused specifically on the environmental impacts associated with 
flying (Figure 3). They revealed that tourist awareness of the aviation’s contribution to 
anthropogenic climate change is fairly high (about 45%) which is in line with Gössling et al. 
(2009), but contradicts Becken et al. (2007). The multivariate analysis established the important 
role of the educational level of respondents (Table 3) and their income (p=0.018) in tourist 
awareness of the carbon implications of flying. The difference in the outcome demonstrated by this 
project and the study by Becken et al. (2007) may be in part attributed to the positive effect of the 
measures applied by UK government to raise public knowledge on the climate implications of 
flying. The recorded discrepancy in public attitudes may also be due to the studies being conducted 
in different geographies. Importantly, it was found that while some participants mentioned the 
problem of climate change in the context of flying, they were not entirely confident about its causes 
and consequences: 
 
‘The carbon footprint thing, I know it is important when flying but I do not really understand it’ 
(Female, 33) 
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Figure 3. Environmental problems associated with flying 
This is partially confirmed by the fact that a small number of participants referred to airport 
travel as an important contributor to the environmental impact of flying (Figure 3). When 
clarification was sought, it appeared that vehicle fuel combustion and the associated GHG 
emissions was the primary impact associated by tourists with this category of responses. The carbon 
footprint of airport travel is negligible compared to the carbon implications of flying (Filimonau et 
al. 2014), which signifies limited public understanding of the inter-relationships between aviation 
and the problem of climate change.  
The outcome of this study may underline the profound role played by governmental institutions 
and mass media in enhancing public knowledge on the importance of the issue of climate change; 
however, it also shows that while the UK public take a note of such intervention ‘messages’, they 
hold limited knowledge on the scientific underpinning of the problem broadcast. This suggests that 
a better explanation of the inter-linkages between aviation, carbon footprint and climate change is 
necessary to enhance public understanding of this issue. 
While a significant number of participants were aware about the contribution of aviation to 
global climatic changes, all of them claimed that this knowledge would not affect their decision to 
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fly for leisure purposes. Speed, convenience and price were put forward as the primary factors to 
take into account when deciding on how to get to an international holiday destination. Air travel 
was perceived as the most viable transportation option as it would meet all the above criteria. This 
is reflected in UK travel statistics indicating that air travel accounts for circa 80% of all tourism 
related visits of Britons abroad (Office for National Statistics 2014): 
 
‘[Flying contributes to] CO2 and all the other environmental problems, but there is no other way to 
travel. It’s so cheap, it’s so affordable!’ (Female, 52) 
 
‘For domestic tourism I will use coaches but for international travel it’s more convenient to fly’ 
(Female, 26) 
 
‘I’d be happy to fly less, but only if it was cheaper to use alternative transport, such as train or bus, 
but flying is the most effective way to travel these days’ (Female, 19) 
 
Importantly, a small number of participants did not see any environmental problems associated 
with flying. The multivariate analysis revealed that this was pronounced for those respondents with 
low levels of education (Table 3). This may indicate that a large number of tourists do not attach 
any environmental significance to their leisure travel: 
 
‘I do not know, I’ve never thought about this kind of stuff, really. Flying is flying, full stop’ (Male, 
27) 
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The last set of questions in this category was designed to explore if tourists would be prepared to 
reduce the number of flights undertaken with leisure purposes in order to minimise the impact of 
personal leisure travel on the environment and climate change. Three quarters of participants stated 
they would not be prepared to change and the multivariate analyses established no significant effect 
of demographics. This is in line with Shaw and Thomas (2006) who found that air travel brings 
substantial benefits to tourists and these benefits appear to outweigh any harm to the society or the 
environment. Importantly, the range of opinions given in this study varied from total climate change 
denial to general unwillingness to change the routine leisure habits: 
 
‘No, I couldn’t imagine flying less as a man has to do what a man has to do’ (Female, 54) 
 
‘We don’t believe that there are aviation problems. We don’t believe in that kind of global warming 
stuff. We don’t need to fly less’ (Male, 58) 
 
‘Tourists need to take the plane! If I travel, I like to enjoy it and don’t think about the environment. 
I don’t think you can change people’s behaviour, it’s just necessary for people to fly’ (Female, 25) 
 
Importantly, when discussing this set of questions, some participants asked the interviewers 
about how they had themselves first arrived to the UK seeking to hear a ‘by plane’ answer. 
According to Festinger (1962), this exemplifies the defence mechanism to the sudden internal 
dissonance and an effort to defend someone’s own, often societally- and environmentally-
damaging, actions. These findings correlate with Gössling et al. (2009) who revealed a similar 
pattern. Importantly, most respondents believed that they were already doing a lot to contribute to 
the goal of environmental sustainability in other areas, such as recycling and using energy-saving 
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bulbs at home. Reducing the number of leisure flights was seen as an overly laborious and even 
unnecessary action to undertake:  
 
‘We’re already recycling at home and couldn’t do really much more’ (Female, 52) 
 
According to Festinger (1962), people tend to ‘compensate’ the ‘poor’ behaviour’ shown in one 
area (for instance, when traveling with leisure purposes) by demonstrating some ‘good’ behaviour 
in another area (for example, when staying at home). This compensation behaviour theory may 
partially explain why people do not consistently stick to their behaviour, thus contributing to the 
scientific discourse on the ‘attitude–behaviour’ gap: 
 
‘I could not fly less but I could compensate in other ways. I recycle at home, for example’ (Male, 
65) 
 
The respondents saw price as the most decisive factor which could make them reduce the 
number of leisure flights undertaken. This may suggest that the national governments should 
provide more subsidies to operators of overland modes of public transport to make it a more 
financially appealing travel option. Imposing a carbon tax on flying could also facilitate behavioural 
changes: 
 
‘The government should put caps on emissions and encourage the use of alternative transport. 
Trains could lower their prices, because now it’s often cheaper to use the plane’ (Female, 28) 
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‘Flying should be made more expensive. I could imagine changing my lifestyle and choosing other 
transport alternatives’ (Female, 32) 
 
This is in line with other studies (Becken 2007; Shaw and Thomas 2006) concluding that 
effective carbon footprint mitigation requires the national governments to apply more stringent 
efforts in terms of consumer demand regulation and transportation capacity management. 
According to Gössling et al. (2009), it is a common expectation among the public that the national 
governments and transportation providers should be in the forefront of dealing with environmental 
issues, thus putting their own responsibility last.  
4.3. Aviation biofuels 
More than half of participants were familiar with the concept of biofuel. Here, the level of 
education  had a strong effect on tourist knowledge (Table 3). Further 15% claimed that they heard 
about biofuels but could not provide any further explanation as to what these stood for. This finding 
correlates with the outcome of other studies demonstrating that public awareness of biomass as a 
renewable energy source should be improved (Rohracher et al. 2003). This is supported by further 
analysis conducted in this project: when respondents who claimed to have knowledge on biofuels 
were asked to explain and provide examples, only half were capable of doing this. This indicates a 
rather diffused notion of biofuel technology among the UK tourists:  
 
‘Biofuels is something good, is not it? Must be good for the environment as it’s bio’ (Male, 48) 
 
‘Biofuels are made of coal. They can be used to fuel cars’ (Female, 36) 
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When asked about the use of biofuels in aviation, only a quarter of participants stated they knew 
about the application of biofuel technology in the sector of air travel. There was no effect of 
demographics on the level of tourist knowledge. Furthermore, none were able to provide examples 
of specific flights and airlines which had trialled biofuels. This demonstrates very limited public 
knowledge about the use of biofuels in aviation and outlines prospective avenues for policy-making 
interventions. These should be designed to enhance public understanding of the advantages 
associated with biofuel technology and its application in transportation, including the sector of air 
travel. 
Among those participants who knew about biofuels, the key advantage of biofuel use was seen in 
reducing the impacts on the environment. This correlates well with other studies that have found 
that the public perceive biofuel technology largely positively (Fung et al. 2014). However, the 
mitigation of carbon impacts was not specifically mentioned by participants; this may indicate 
limited public understanding of the rationale behind the implementation of biofuel technology in 
transportation. This also underlines the necessity for the national governments and mass media to 
design awareness raising campaigns emphasising the climate benefits of biofuel use to the public: 
 
‘[Biofuel is] Better for the planet. It can be more expensive for the companies but it’s better for the 
world’ (Female, 44) 
 
‘We could be using less fossil fuel. Carbon footprint? Yeah, they [biofuels] may do some good to it 
as well’ (Male, 51) 
 
The next set of questions aimed to understand if tourists saw any issues associated with the use 
of biofuel technology in general, and with its implementation in aviation in particular (Figure 4). 
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The outcome of interviews demonstrated that the three quarters of participants could either not 
comment on this question due to limited knowledge, or could not think of any issues. The 
multivariate analysis revealed no inter-linkages between the socio-demographic profiles of 
respondents and attitudes. The cost constraints and the ‘food versus fuel’ dilemma were each 
mentioned by about 10% of participants. A very small number considered safety to be an issue, 
which may show that the public have a good degree of trust in the industry and the national 
governments that oversee the safety of the biofuel technology implementation in aviation: 
 
‘Biofuels... they must be safe as they are regulated by governments, aren’t they? (Male, 53) 
 
 
Figure 4. Limitations of biofuel use in aviation 
 In further analysis, participants were asked to share their feelings, particularly any concerns, 
about being on an aircraft which would be entirely driven by biofuels (Figure 5). The majority 
claimed they would not think about this at all. About a quarter of participants stated that they would 
feel happier knowing their impact on the environment was reduced: 
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‘If I were going on a holiday and could do it more environmentally friendly, I’d be glad’ (Male, 50) 
 
 
Figure 5. Public attitudes to being flown on an aircraft driven by biofuels  
A small number of participants stated that they would not worry as they trusted the national 
government and the airline industry to have made the aircraft safe to fly: 
 
‘It must have been tested by someone, so it wouldn’t bother me, I’d trust and I’d fly’ (Female, 59) 
 
Lastly, a similarly small portion of respondents revealed they would not feel comfortable 
knowing that the aircraft used a non-conventional fuel technology: 
 
‘A bit nervous, shall I say. This is something new, what if it breaks?’ (Female, 44) 
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This shows that the issue of safety attached to the use of biofuel in aviation is not considered by 
tourists as significant. This is possibly due to the high level of public trust in the national 
government and the aviation industry. Given that the degree of trust that people have in a 
technology determines its adoption rate (Schulte et al. 2004), it is fair to suggest that British tourists 
are generally ready for the broader implementation of biofuel technology in aviation. As biofuels 
are considered by some participants a more environment-benign fuel type compared to conventional 
aviation fuel, UK policy-makers should therefore consider accelerating the rollout of this 
technology in aviation. This can be achieved via incentivising the industry and investing more 
actively into research and development of biofuel technology in the air travel sector.  
5. Conclusions 
Tourism is an important contributor to global climatic changes. To facilitate progress of the 
industry towards the goal of environmental sustainability, effective carbon mitigation measures 
should be developed and implemented in practice. Biofuel technology represents a mitigation 
measure which has potential to considerably reduce the carbon intensity of flying, the sector of the 
tourism industry characterised by the largest GHG emissions. For a technology to succeed, it is 
crucial to ensure its benefits are understood and accepted by consumers. Little is known about 
public attitudes to biofuel use in the sector of air travel, particularly from the standpoint of its 
carbon benefits and safety. This study contributed to the scientific discourse on tourist attitudes to 
flying as being an important contributor to global climatic changes and analysed public opinion on 
the role, benefits and limitations of biofuel use in aviation. 
The study showed that while British tourists possess some knowledge on the environmental 
issues attributed to tourism and aviation, they do not associate these with their own leisure travel 
behaviour. The relationship between tourism and climate change is seen as loose and therefore 
needs to be reinforced. The national governments should play a more active role to address this 
task. This is because voluntary behavioral changes are unlikely to become an effective solution to 
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the problem of carbon footprint in the tourism industry alone. To succeed, they need to be better 
facilitated by the national governments.  
The study demonstrated limited public understanding of the environmental benefits attached to 
the use of biofuels in general, and their application in aviation in particular. This highlights areas for 
potential policy-making interventions as public awareness of biofuel technology should be raised, 
especially with a view to provide better knowledge on the carbon benefits of its implementation. 
Better public knowledge can accelerate consumer acceptance of biofuel technology in the air travel 
sector.  
Biofuels are generally seen by British tourists as a safe alternative to conventional aviation fuels. 
This demonstrates a high level of public trust in the national governments and the aviation industry. 
The dominant perception of safety attributed to biofuel use in aviation indicates that consumers are 
generally prepared for the broader rollout of this technology in the sector of interest. This 
emphasises the necessity for the national governments to incentivise more rapid adaption of 
aviation biofuels. 
The study outlined a number of promising areas for future research. First, the issue of the 
rebound effect (Druckman et al. 2011) can be of particular importance to the topic concerned. The 
broader use of biofuels in aviation, with the enhanced image of the sector as being more carbon 
efficient, may bring about more flights, thus not mitigating, but rather intensifying, the GHG 
emissions from tourism. Second, public perception of biofuels may vary depending on the social, 
economic and political environment within which people choose to adopt or refrain from using 
biofuel (Wegener and Kelly 2008). This underlines the necessity for more research on public 
attitudes to the use of biofuels in aviation conducted in the different geographical and political 
contexts. Lastly, the impact of mass media on public perception of the environmental/climate 
change impacts from tourism and the role played by biofuel technology in the mitigation of these 
impacts calls for better understanding. The media, especially the social media, represent a powerful 
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tool to shape public opinion. The role of media in enhancing public awareness of the negative 
carbon implications of holidays alongside the behavioural, financial and technological opportunities 
for the mitigation of these implications should be better examined.  
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